Roots of wild growing Angelica archangelica L. from Mt. Ozren (Serbia) were subjected to hydrodistillation and GC-MS analysis. The roots contained 0.10% of essential oil with α-pinene (29.7%), δ-3-carene (14.2%), and a mixture of β-phellandrene and limonene (13.2%) as main compounds. The modified resazurin microtiter-plate assay was used to evaluate the antibacterial activity of the essential oil against Staphylococcus aureus and Escherichia coli. The minimum inhibitory concentration (MIC) values were 14.2 μL/mL for S. aureus and 28.4 μL/mL for E. coli, while the minimum bactericidal concentrations (MBC) were 56.8 μL/mL and 113.6 μL/mL, respectively. According to the obtained results, the angelica root essential oil can be applied as a natural preservative in food and as a natural antibiotic for the treatment of several infectious diseases caused by these two bacteria.
Angelica archangelica L. (syn.
A. officinalis Hoffm.),Apiaceae, is distributed throughout Northern Europe and Eastern Siberia, and is cultivated in Europe. The wild grown type is rare in the Serbian flora and there are attempts at its cultivation in the mountainous regions of central Serbia [1, 2] . Angelica has been used in folk medicine and as a food ingredient. The rhizome with roots is used for treatment of gastrointestinal problems [3] . However, it is established that angelica also possesses anxiolytic, hepatoprotective, antimicrobial and antioxidant effects [4] .
Essential oils possess different biological properties due to their chemical diversity. The aim of our investigation was to determine the chemical composition and antibacterial activity of root essential oil of a population of A. archangelica from Serbia. A total of 59 compounds were detected in the essential oil (AREO) (99.3% of the total oil), including 15 that were unidentified (3.6%). The main components were α-pinene (29.7%), δ-3-carene (14.2%), and a mixture of β-phellandrene and limonene (13.2%). Other important compounds were sabinene, α-phellandrene, myrcene, p-cymene and trans-β-ocimene. All other compounds constituted less than 2% (Table 1) .
Essential oil composition varies depending on many factors, including origin and variety. The AREO from France contained α-pinene (32.2%) and δ-3-carene (16.2%) as the main compounds [5] , whereas in Italy they wereα-pinene (21.3%) and δ-3-carene (16.5%), followed by limonene (16.4%) and α-phellandrene (8.7%) [6] . The dominant compounds in the AREO from Siberia were β-phellandrene (30.5%) and α-pinene (23.6%) [7] . According to [8] , there are two chemotypes of AREO, differing mainly in either the absence or presence of β-phellandrene.
The antibacterial activity was assessed by the MIC using the resazurin assay [9] . S. aureus was more sensitive to AREO than E. coli. The oil at a concentration of 14.20 μL/mL inhibited growth of S. aureus, while the MIC for E. coli was higher, 28.4 μL/mL ( Table 2 ). According to published data, the principal constituents in our AREO, α-pinene, and limonene showed considerable activities against E. coli and S. aureus [10, 11] The mixture was discharged from the last well in row 100 µL. The test was performed in a total volume of 110 µL/mL with final microbial concentration 10 6 CFU/mL per well. The plate was incubated for 24 h at 37°C. The same tests were performed simultaneously for growth control (MHB + test organism), sterility control (MHB + test oil), and positive control (MHB + gentamicin + test organism). Gentamicin was prepared in sterile water and diluted in MHB to obtain concentrations in a range of 16 to 0.016 µg/mL. Additionally, susceptibility to gentamicin was confirmed using a quantitative assay for determining the MIC (gentamicin MIC Test Strip (Liofilchem®) according to the manufacturer's instructions. Microbial growth was determined by adding 10 µL of 0.01% resazurin (7-Hydroxy-3H-phenoxazin-3-one 10-oxide, HiMedia) aqueous solution. The MIC was defined as the lowest concentration of the samples inhibiting visible growth (blue colored pellet on the bottom of the wells after the addition of resazurin). To determine the MBC, the broth was taken from each well without visible growth and inoculated in Mueller-Hinton agar (MHA) for 24 h at 37°C. The MBC was defined as the lowest samples concentration killing 99.9% of bacterial cells.
